Objective: Identify the influence of ovarian hormone deprivation in expression genes on the lower urinary tract of rats.
INTRODUCTION
The climacterium, a period of decline in ovarian activity, is characterized by a variety of symptoms, in particular urogenital ones (1) . Studies demonstrated a high incidence of urogenital symptoms in the climacterium and postmenopausal period, associating them to estrogen deficiency as the etiologic factor. Iosif & Bekassy (1), on studying 902 patients, observed approximately 29% urinary incontinence, 27% urge incontinence, 13% repeated infections of the urinary tract and 48% other symptoms due to urogenital atrophy, such as dysuria, dyspareunia, nocturia, micturition urgency.
It was believed sexual hormones deprivation would cause, among other modifications, urinary mucosa and muscle layer atrophy, increase in collagen/ smooth muscle ratio in the urinary tract, decrease in pelvic vascularization, decrease in the protecting glycosaminoglycan layer in the vesical wall, modifications of the vaginal flora and pH, alterations in the cellular and humoral immunologic responses (2-10).
These findings had supported estrogen deprivation as the origin of urinary disorders on postmenopausal women. In fact, for many years, estrogen preparations have been used to treat urinary symptoms and they are no longer a treatment option for urinary incontinence (11, 12) .
Presently, the identification of some medicines starts by recognizing the genes that might be involved in pathological processes that, therefore, could be qualified as targets for future pharmacological interventions (13, 14) . In order to understand the way genes regulate cell function, the best procedure is by monitoring the set of gene activities in the cells (15) . Microarray technology appeared in the last decade and constitutes an instrument able to quantitatively, qualitatively and simultaneously monitor hundreds or even thousands of genes (16, 17) . The use of arrays allows the global statistical analysis of the behavior of the different genes in certain evaluated situations and permits a dynamic analysis of the target tissue, since it compares expressions of the several genes among themselves (18, 19) .
We studied the influence of ovarian hormones deprivation on gene expression in the lower urinary tract, attempting to correlate biomolecular findings with mechanisms involved in urogynecologic diseases.
MATERIALS AND METHODS
Specimens -Rattus novergicus albinus (Rodentia Mammalia -Wistar EPM-1) from the animal house of the Federal University of São Paulo/EPM were kept in environmentally controlled, clean-air rooms with a 12-h light/dark cycle. They were fed Labina-Purina-SP-BR pellets and tap water ad libitum. Fifty virgin rats, 2-3 months old, were divided into 2 groups of twenty-five animals: Group I, rats that had their bladder and urethra removed 30 days after ovariectomy; Group II, non-ovariectomized rats that had their lower urinary tract removed 30 days afterwards. At the above indicated time, the corresponding animals were anesthetized; lower urinary tracts were rapidly frozen in liquid nitrogen for RNA extraction. This study received full Institutional Review Board approval.
RNA Extraction and Reverse TranscriptionTotal RNA was extracted from samples using TRIZOL (InVitrogen, São Paulo) according to the manufacture's instructions. The total RNA quality was checked by formaldehyde/agarose gel electrophoresis. Prior to reverse transcriptions, two pools of RNA were obtained by mixing 2 µg of total RNA from each individual case in two tubes representing Group I and II. In order to obtain radiolabeled cDNA probes, the two RNA pools, containing 50 µg RNA each, were reverse transcribed in the presence of oligodT primers and α-[ o C in an overnight reaction containing 20X standard saline citrate (SSC), 50X Denhardt's solution, 50% formamide, 10x sodium dodecyl sulphate (SDS) and 100 µg/mL salmon-sperm DNA. The filters were washed at 50 o C in 1x SSC/0, 1% SDS for 15 minutes. Images were obtained by scanning the membrane in a storage phosphor system (Cyclone -Packard BioScience Company, Meriden, CT, USA). DNA targets on the arrays were located using grid overlays and spot intensities were subsequently measured (Diracom Bioinformática -São Paulo/Brazil).
Statistical Usage -Signs generated by hybridization of radioactive probes were processed and normalized using the digital software ArrayLab (Diracom Bioinformática -São Paulo, Brazil), by means of a superposing digital grid instrument on the cDNA spots marked on the nylon membranes. Thus, the expression of each gene was quantified by the calculation of the radiation volume (three-dimensional) emitted by the previously known spots of the membranes, consequently obtaining the numeric value corresponding to the images, on a logarithmic basis. We obtained the difference (DIF) of the expression of the same gene in the two groups (I and II) by the formula: DIF = log 2 (II-I). Values of DIF > 1 or < 1 were considered differentially expressed, that is, twice the difference in expression between the genes. The housekeeping genes of the membranes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), cytoplasmic beta actin (ACTB) and ubiquitin C had values of expression difference between the groups within the interval -1 < DIF < 1.
RT-PCR -Validation of array data by semiquantitative RT-PCR was performed by pooling equal amounts of total RNA from each group; pools were then submitted to reverse transcription by using Superscript II RNAse H reverse transcriptase (InVitrogen) in a final volume of 20 µL according to the manufacture's instructions. Primers were designed by Prime3 program-http://www-genome.wi.mit.edu/ cgi-bin/primer/primer3.cgi/primer3_www.cgi). Cytoplasmic beta actin (ACTB) gene was used to normalize the reactions. Two microliters of the reverse transcribed cDNA was amplified in a final volume of 100 µL by PCR under standard conditions: 1.5 mM MgCl 2, 125 µM dNTP and 2.5 U Taq polymerase using specific primers at 10 µM concentration. The amplified PCR products were separated on 2% agarose gel containing 0.1 µg/mL ethidium bromide. The visualized bands were analyzed semi-quantitatively using image-scanning densitometry (Kodak EDAS 120).
RESULTS
Using the genetic cDNA screening microarray method with membranes of 1176 gene we observed that 76 presented a differential expression of at least two times between the two groups, of which 50 genes with lower expression in the group of castrated rats (I) and 26 in the group of non-castrated rats (II). These genes are involved in several steps of biomolecular and cellular processes (Tables-1 and 2 ).
The analyses of the images of agarose gel electrophoresis of the RT-PCR products confirm the data of differential gene expression in the two groups observed with microarrays for beta-2 microglobulin (β2M) and cytochrome c oxidase subunit I (COX I) genes ( Figure-1 ). The two genes were less expressed in group I, the differences (DIF) between the groups being 1.54 and 1.65, respectively.
The difference in expression (DIF) in the arrays for the cytoplasmic beta actin housekeeping gene (ACTB), used in RT-PCR, was 0.12, proving membrane normalization.
We performed RT-PCR for amplification of the vascular endothelial growth factor (VEGF) in both groups and observed a lower expression of this gene in group I rats ( Figure-1 ).
COMMENTS
We believe that depth in study of genes, biomolecular and cellular control mechanisms, as well as interaction of endogenous and exogenous factors with the genetic material of the cells would help our understanding of the pathophysiological processes that give rise to urogynecological diseases.
After screening 1176 genes with the help of the cDNA microarray technology, we identified 76 differential expression genes between the groups. In practice, it is not easy to distinguish the real differences in gene expression where there is a difference due to artifacts of technical variations. We considered differentially expressed genes with a difference in expression of at least two times between the groups, a value recommended by the statistical literature on array analysis, whose estimated error rate is 1% (20) (21) (22) .
Gene screening allowed us to prove the influence of thirty-day castration of rats on gene expression in the organs of the lower urinary tract. The identified genes are involved in different cell activities: regulation of the cell cycle, turnover and translation of proteins and extracellular signaling, growth and cell metabolism, neurotransmission.
Among the genes identified as differentially expressed, we chose two genes, COX I and β2M, to be confirmed by RT-PCR, in view of the complexity of the used methodology.
We also analyze the expression of VEGF gene by RT-PCR, faced to the importance of the vascularization in the maintenance of urinary continence (2) and the demonstration of serum VEGF level decrease after menopause with the loss of ovarian function (23) .
The VEGF gene is involved in the process of tissular angiogenesis (24) and thus, as with other growth factors, has its expression modulated by sexual steroids (25) .
The VEGF protein is a polypeptide with a specific effect on cells of the vascular endothelium and vascular permeability and is the most potent mitogenic and proliferation factor of endothelial cells (26) .
Experiments demonstrated serum levels of VEGF decreased after menopause with loss of ovarian function (23) and some authors described quantitative variations in VEGF according to the hormonal status. Andrade et al. (17) observed a significant decrease in levels of messenger RNA for VEGF in the endometrium of castrated adult rats when compared to the group of rats with estrogen replacement. Table 2 -Genes lower expressed in Group I.
DIF = difference in expression.
Agrawal et al. (27) , using Doppler velocimetry in postmenopausal women, showed an increase in pulsatility indexes in carotid and uterine arteries, reflecting a higher vascular resistance in this phase, a process that was reversed after estrogen therapy with a subsequent increase in serum VEGF concentrations.
Zucchi et al. (28) observed protein expression of VEGF gene in the bladder, vesical-urethral junction and urethra of castrated and non-castrated rats had been verified significantly decrease of VEGF in castrated rat bladders compared to another group. There was also protein decrease in vesical-urethral junction even though not as accentuated as in the bladder.
Our observation of lower VEGF gene expression in urinary tract in castrated rats with ovarian hormones deficient could be associated to local blood vessel formation decrease. It would possibly contribute to the appearance of undesirable urinary symptoms such as irritating bladder and urethral symptoms, urinary incontinence and urinary infection, too common in postmenopausal women, by decreasing local circulation, oxygen offer and immunological defense.
COX I is a gene of mitochondrial DNA which encodes for cytochrome c oxidase subunit I that belongs to the respiratory complex IV and involved in the process of oxidative phosphorylation of cell (29) .
It was suggested postmenopausal would have reduced capacity to perform prolonged intensive exercises after evidence of decrease of cytochrome oxidase activity by 40%, consequently, decrease of oxidase phosphorilation to obtain energy in muscles of ovariectomized rats exposed into stimulation (30) .
Abelenda & Puerta (31) suggested ovarian sex hormones regulate oxidative capacity by studying ovariectomized animals. They concluded estrogen deprivation analyzed with ovariectomized rats exposed to low temperature increases cytochrome oxidase activity in whole body thermogenic tissues, such as adipose tissue, soleus muscle, hearth, striated muscles, liver and kidneys. In the same study, authors did not observe alteration in enzyme complex activity in uterus after ovariectomy.
Tong-Long Lin et al. (32) studied the effect of age on mitochondrial enzyme activity in rat bladders while evaluating the following enzyme activities: citrate synthetase, malate dehydrogenase, NADH-cytochrome c reductase, succinate-cytochrome c reductase and cytochrome c oxidase, in addition to phosphocreatine and ATP concentrations in bladders of 24-month-old female rats. The authors observed significantly lower phosphocreatine and ATP levels and significantly lower enzyme activities, mainly of citrate synthetase, in bladders of old rats. They concluded that age reduced the activity of mitochondrial enzymes of rat bladders, resulting in less ability of energy production that could explain some micturition disorders frequent in elderly patients.
Adequate energy supply is a prerequisite for good vesical functioning, muscle contraction and vesical emptying. Cell energy, in the form of ATP originating from mitochondrial oxidative phosphorylation is the immediate energy used for contraction of detrusor muscles and other cell activities (32) . Levin et al. (33) demonstrated that interruption of the oxidative metabolism abolished the plateau component of detrusor muscle contraction, resulting in decrease in the ability of vesical empting.
Our result demonstrated reduced expression of Cytochrome c oxidase subunit I gene in castrated rats. Thus, decrease in expression of genes of cell respiration may be one of the mechanisms by which ovarian sex hormones deficiency promote alteration in urinary tract metabolism and alterations in energy acquisition by cells needed for physiological activities such detrusor contraction.
The â2M gene encodes for the protein of the same designation that is a component of HLA antigens (histocompatibility antigens), being essential for their expression. It is structurally similar to the amino acid sequences of immunoglobulins and is implied in immunologic functions (34, 35) .
β2M function has not been completely clarified yet. However, it is postulated that β2M would be a link between antibodies or IgG and histocompatibility antigens. Therefore, it would have the function of cellular recognition of antigens and interaction of the cellular and humoral immune systems, by interaction between T and B lymphpocytes (35) .
Several evidences support the hypotheses of regulation of immunologic functions by gonadal steroids: different behavior of immune system between men and women, alterations in immune response after gonadectomy, estrogen replacement and in women during pregnancy. Even so, hormone steroids receptors are identified in immune system organs (36) .
Most scientific evidence demonstrates that particularly estrogens act as stimulators of the humoral immune response and as inhibitors of the cellular immune response (37) .
Some authors studied different system immune compounds under ovarian hormones deficit. Kamada et al. (38) on studying T cell function in menopausal women observed lower quantity of Th1 cytokines, inducers of the cellular immune response, and imbalance in the relationship between the latter and Th2 cytokines, inducers of the humoral immune response.
Giglio et al. (39) detected reduced number of T CD4+ and B lymphocytes in postmenopausal period compared to young women. The same result for T lymphocytes weren't observed by Yang et al. (40) , that also related NK cells toxicity were decreased in postmenopause, situation reverted by estrogen therapy.
Flory et al. (41) analyzed some parameters of immunological response as toxicity number and mitogenic response of NK cells in women treated with GnRH agonist and estrogen replacement thereafter. Temporary suppression of ovarian function in addition to estrogen therapy did not alter those parameters. Authors postulated immunological suppression findings are temporarily stable and possibly related to age, life style, associated diseases.
In our study 30 days period of castration were enough to reduce β2M gene expression. Maybe, system immune alterations after menopause observed by some authors can be at least partially mediated by β2M expression. It is possible that decreased expression of β2M in lower urinary tract is associated to increase of urinary infection.
However, the real function of β2M protein in immune responses, its association with infectious processes and the participation of the immune system specifically in the genesis of urinary infections in the postmenopausal period have to be better elucidated.
In our experience, cDNA microarray technology is a good screening method of genes of the lower urinary tract and is also efficient in the studies on molecular alterations induced by estrogen deficiency.
The high prevalence of urinary disorders in postmenopausal women justifies all efforts for their better understanding, treatment and prophylaxis, in the insisting attempt for a better quality of life.
This study deals with gene screening, and innumerable genes and protein still have to be evaluated and confirmed. Thus, on the basis of knowledge on genomics and pharmacogenomics, perhaps in the future we may identify new targets for drug action and make available therapeutic options for urinary disorders.
